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I Phosphorylated p70S6K in noninvasive low-grade 
I urotlielial carcinoma of the bladder: correlation with 
^ tumor recurrence 



Soon-Ja Kim', Jung Hoon Kim^, Hui Seok Jung^, Tae-Jin Lee', Kyung Mee Lee^, In Ho Chang^ 



We investigated whether inhibiting phosphorylated p70S6K (p-p70S6K) suppresses the proliferation and growth of noninvasive 
low-grade urothelial carcinoma (LG-URCa) in vitro and whether p-p70S6K can serve as a predictive biomarker for the recurrence 
of noninvasive LG-URCa of the bladder in patients. We constructed a tissue microarray (TMA) for 95 LG-URCa and 35 benign 
urothelium samples and performed immunohlstochemical staining for p-p70S6K and p-4E-BPl. A Cox regression model was used 
to investigate the predictive factors for recurrence of LG-URCa. We investigated the dose-dependent antiproliferative effect of 
rapamycin, its antiproliferative effect and the growth-Inhibition effect of p70S6K siRNA transfection in RT4 and 253J cell lines. 
The pTl staged group (P< 0.05; hazard ratio (HR), 2.415) and the high p-p70S6K staining group (P< 0.05; HR, 2.249) were 
Independent factors for predicting recurrence. Rapamycin inhibited RT4 and 253J cell proliferation in a dose-dependent manner 
(r= -0.850, P< 0.001 in RT4 cells; r= -0.835, P< 0.001 in 253J cells). RT4 and 253J cell proliferation and growth were 
Inhibited by the transfection of p70S6K siRNA and rapamycin, respectively (P< 0.05). Transfection of p70S6K siRNA resulted 
In inhibitory effects on cell proliferation and growth that were similar to those of rapamycin. Our results suggest that inhibiting 
p70S6K phosphorylation is Important to prevent recurrence and that p70S6K phosphorylation can be used as a molecular biomarker 
to predict recurrence of certain LG-URCa of the bladder. 
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INTRODUCTION 

Approximately 70%-80% cases of urothelial carcinoma (URCa) of the 
bladder present as non-muscle invasive tumors (pTa and pTl). Such 
non-muscle invasive URCa is treated with transurethral resection 
of bladder and intravesical instillation of bacillus Calmette-Guerin, 
with a favorable prognosis and a 5 -year survival rate of approximately 
90%.' However, recurrence is observed in 50%-90% of cases and 
10%-20% of these progresses to more invasive URCa.' Therefore, 
the outcomes of patients with non-muscle invasive URCa is related 
to recurrence and progression and precise prediction of recurrence 
and progression is largely dependent on URCa pathologic grade. 
URCa is classified into four categories: papilloma, papillary urothelial 
neoplasm of low malignant potential, low-grade URCa (LG-URCa) 
and high-grade URCa (HG-URCa). 

Despite treatment with transurethral resection of bladder and 
appropriate therapy, the recurrence rate for non-muscle invasive 
HG-URC is >80% and >50% of recurrent cases progress to a more 
invasive form. The rate of invasion, progression or metastasis is low in 
non-muscle invasive LG-URCa treated with transurethral resection of 
bladder and appropriate therapy, although recurrence is observed in 
approximately 50% of cases.^ However, the mechanism of non- muscle 
invasive LG-URCa recurrence is not yet known. Laboratory methods 



that predict the risk of recurrence and progression include examination 
of proliferating cell nuclear antigens, the ras gene, and p2 1 , p53 and Rb 
expression. Such factors are significantly expressed mostly in HG-URCa 
or invasive URCa, but not in LG-URCa; therefore, identifying high-risk 
factors that predict disease recurrence is very important.' 

The phosphatidylinositol 3'-kinase (PI3K) pathway activates a 
number of signaling molecules and the Akt/mammalian target of the 
rapamycin (mTOR) pathway is of particular interest because of its 
role in inhibiting apoptosis and promoting cell proliferation.* mTOR 
controls protein synthesis by phosphorylating downstream substrates, 
including p70S6 kinase (p70S6K) and eukaryotic initiation factor (elF) 
4E binding protein 1 (4E-BP1).'' The p70S6K protein phosphorylates 
the 40S ribosomal protein S6 and is proposed to play a crucial role 
in the translation of 5'-terminal oligopyrimidine tract mRNAs.' 
Phosphorylation by mTOR 4E-BP1 disrupts its binding to elF4E, a 
protein that binds the 5'-cap structure of mRNA. The released elF4E 
allows the formation of a functional translation initiation complex, 
thereby allowing translation.' 

We previously reported that activating the mTOR pathway, 
such as phosphorylating p70S6K, is related to high recurrence and 
disease progression in non-muscle invasive URCa of the bladder.* 
Several studies have revealed that the PI3K/AKT/mT0R pathway is 
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largely responsible for promoting cell growth in non-muscle invasive 
LG-URCa of the bladder.'*"' Therefore, we investigated whether 
inhibiting phosphorylated p70S6K suppresses the proliferation and 
growth of non-muscle invasive LG-URCa in vitro models and whether 
phosphorylated p70S6K is a predictive biomarker for recurrence and 
progression of noninvasive LG-URCa of the bladder in a patient model. 

MATERIALS AND METHODS 

Human noninvasive LG- URCa tissue microarray (TMA ) construction 
and immunohistochemistry 

After obtaining institutional review board approval, we retrieved 95 
LG-URCa bladder specimens collected at Chung-Ang University 
Hospital between 1989 and 2007. Paraffin blocks were available in 
95 cases and TMAs were constructed using a manual array device (TMA 
set, Labro, Seoul, Korea) for the 95 LG-URCa samples and 35 benign 
urothelium samples, as described previously* AU clinicopathological 
patient data were retrieved from electronic medical records and included 
demographics, pathological stage, tumor size, tumor multiplicity 
and concurrent carcinoma in situ. Follow-up data on postoperative 
intravesical bacillus Calmette-Guerin treatment, disease recurrence 
and progression were obtained via a review of patient medical records 
and letters of inquiry to patients. Immunohistochemistry sections 
were incubated with the primary antibody (anti-p-p70S6K (Ser371): 
diluted 1:100 and anti-p-4E-BPl: diluted 1:400), followed by a 
peroxidase-conjugated secondary antibody. Samples were assessed in 
a blind manner by one pathologist with no knowledge of the patients' 
clinicopathological data. We modified standard H-score to evaluate 
immunohistochemical positivity. The standard H-score (scale of 
0-300) was calculated based on the product of the percentage of cells 
showing cytoplasmic labeling (0-100) multiplied by the intensity of 
labeling (1 = weak; 2 = moderate and 3 = strong)." And then a final 
H-score was generated by calculating the average of three tissue samples. 
A cutoff was used for the expression of each marker based on the median 
tumor H-score (H-score >10 and 93 for p-p70S6K and p-4E-BPl, 
respectively). We defined high expression of a marker as the cutoff and 
higher and low expression as none or less than the cutoff 

Cell cultures and reagents 

The human non-muscle invasive LG-URCa cell lines (RT4 
and 253J) were purchased from the American Type Culture 
Collection (Manassas, VA, USA). Rapamycin was purchased from 
Sigma (St Louis, MO, USA) and the following antibodies were 
purchased from Cell Signaling Technologies (Beverly, MA, USA): 
mTOR, phosphorylated-mTOR (p-mTOR, Ser 2448), p70 S6 kinase, 
phosphorylated-p70 S6 kinase (p-p70 S6 kinase, Ser371) and P-actin. 

Western blot analysis 

Cells were washed with ice-cold phosphate-buffered saline 
and trypsinized and lysis buffer (Intron, Seoul, Korea) was added. The 
lysates were stored at -20 °C until analysis. The amount of protein was 
quantified by the Bradford assay (Bio-Rad, Hercules, CA, USA). Equal 
amounts of protein were loaded onto Readygels (4%-20% Tris-HCL; 
Bio-Rad) and electrophoresis was performed according to the 
manufacturer s instructions. Proteins were blotted onto polyvinylidene 
fluoride (PVDF) membranes (Invitrogen, Carlsbad, CA, USA) and 
incubated for 1 h at room temperature in 5% skim milk for blocking. 
Blots were incubated with primary antibodies overnight at 4°C and 
with horseradish peroxidase-conjugated secondary antibodies for 1 h 
at room temperature. The membranes were developed using enhanced 
chemiluminescence. 



siRNA, plasmid DNA construct and transfection 

siRNA oligonucleotides against p70S6K (siRNA I/II) were designed 
by and purchased from Cell Signaling Technologies (Beverly, 
MA, USA). Transient transfections into RT4 and 253J cells were 
performed using Lipofectamine 2000 reagent (Invitrogen) according 
to the manufacturer's instructions. Cells were harvested at 48 h for 
subsequent experiments. A plasmid containing the coding sequence 
of Homo sapiens p70S6K (GenBank: NM 003161) was prepared by 
cloning into the pcDNA3.1 vector (Invitrogen). The coding region of 
the p70S6K gene was PGR amplified from pCMV-SPORT6. Next, the 
p70S6K fragment and the pcDNA3. 1 vector (Invitrogen) were digested 
with the EcoRI and Xhol restriction enzymes and ligated by infusion 
technology to build the pcDNA3.1-p70S6K plasmid. Competent 
Escherichia coli DH5a cells were transformed and positive clones were 
identified by PGR. The PGR products were digested and sequenced. 
After sequencing, positive clones were selected to grow and propagate. 
The pcDNA3. 1 -p70S6K plasmid was purified and transfected into RT4 
and 253J cells using Lipofectamine 2000 in Opti-minimal essential 
medium (Invitrogen) according to the manufacturer's protocol. RT4 
and 253J cells were grown in sbc-well plates until they reached 85%-90% 
confluence. One microliter of Lipofectamine 2000 reagent and 0.4 |j,g 
pcDNA3.1-p70S6K was used to transfect each well of cells in the 
absence of serum. The cells were harvested for Western blot analysis 
24 h after transfection. 

Cell proliferation assay 

Cell proliferation was determined using a EZ-Cytoz viability assay 
kit (Dail lab, Seoul, Korea) according to the manufacturer's instructions. 
This assay is based on the cleavage of tetrazolium salt to water-soluble 
formazan by the succinate-tetrazolium reductase system. Briefly, RT4 
and 253J cells were seeded in 96- well plates at a density of 2 x lO* cells 
per well. After 24 h in culture, the cells were treated with lOOnmoU"' 
p70S6K SiRNA, 0.5|ig pcDNA3.1-p70S6K plasmid and lOfxmolh' 
rapamycin for 48 h. The cell proliferation assay was performed 1, 
2 or 3 days after treatment. The medium was replaced with fresh 
medium (200 [lY) and 10 p,l EZ-cytox reagent was added to each well. 
The cell culture was continued for 1 h and the culture medium was 
then removed to wells of a new plate. Optical density was quantified 
at a wavelength of 450 nm. 

Crystal violet growth assay 

RT4 and 253} cells were seeded in 24-well plates at a density of 
2 X 10"' cells per well. After 24 h in culture, the cells were treated with 
lOOnmoU-i p70S6K siRNA, 0.5 jlg pcDNA3.1-p70S6K plasmid and 
10p,moll"' rapamycin for 24 h. Growth inhibition was determined 
using the crystal violet method. Briefly, after 2 days of treatment, 
the cells were fixed in 5% glutaraldehyde in phosphate-buffered 
saline, rinsed with distilled water and dried completely. The 
cells were incubated in a 1:1 volume mixture of 200 mmol 1"' 
3-(cyclohexylamino)-l-propanesulfanoic acid, pH = 9.5 and 0.2% 
crystal violet at 25 °C for 30min and then washed and dried. Crystal 
violet stain was subsequently dissolved in 10% acetic acid (Sigma, MO, 
USA) and the absorbance was read at 560 nm following background 
subtraction. Cell growth was determined and photographed using a 
Zeiss Axiovert 200M ceU live microscope. 

Statistical analysis 

Statistical Package for Social Sciences software package version 14.0 
(SPSS Inc, Chicago, IL, USA) was used for all statistical analyses. 
The relationships between ordinary variables were investigated using 
a two-tailed Student's t-test and analysis of variance. Spearman's 
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correlation coefficients were calculated to test the relationships 
among parameters. Recurrence-free survival curves were estimated 
using the Kaplan-Meier method and any differences in the survival 
curves were compared using log-rank tests. A Cox regression 
model was used to investigate predictive factors for the recurrence 
of LG-URCa in a multivariate analysis. A P < 0.05 was considered 
significant. 

RESULTS 

p-p70S6K and P-4E-BP1 expression in human LG-URCa TMA 

The median age of diagnosis for the patient cohort was 64 (29-85) years, 
with a male: female ratio of 6.3:1 and a median follow-up period 
of 84months (range, 12-120 months). Recurrence was observed in 
37 patients (39.3%). No relationship was observed between p-4E-BPl 
H-scores and clinicopathological variables (age, sex, pathological stage, 
tumor size, tumor multiplicity and concurrent carcinoma in situ), 
but the p-p70S6K H-scores were higher for older age (15.6 ± 24.0 vs 
27.0 ± 25.5, P < 0.05) and concurrent carcinoma in situ (16.1 ± 22.5 
vs 52.2 ±30.5) (Table 1). 

As shown in Figure la, p-p70S6K and p-4E-BPl were expressed 
in the cytoplasm of LG-URCa of the bladder and in benign epithelium 
and p-p70S6K staining was less intense in low-grade superficial 
umbilical cord cell tissue compared to that in the benign urothelium. 
However, p-4E-BPl staining was greater in LG-URCa tissue. The 
mean p-p70S6K H-score was lower in the LG-URCa cohort than in 
the benign cohort (27.4 ± 4.6 vs 183.8 ± 16.0, P < 0.05), whereas the 
mean p-4E-BPl score was higher in the LG-URCa cohort than in 
the benign cohort (117.8 ± 7.9 vs 61.2 ± 14.1, P < 0.05) (Figure lb). 
The median tumor H-scores were 10 and 93 for p-p70S6K and 
p-4E-BPl, respectively. We investigated the correlation between 
p-p70S6K and p-4E-BPl expression and recurrence rates. In the 
Kaplan-Meier survival analysis, LG-URCa, with high p-p70S6K 
immunohistochemical staining, exhibited higher recurrence (P < 0.05, 

Table 1: ClinicopathQlagical characteristics of the 95 patients with 
LG-URCa and a summary of p-p70S6K and p-4E-BP1 expression (mean 
H-score), categorized by clinicopathological parameters 

Clinical and No. of p-4E-BPl p-p70S6K 

pathologic features patients 

H-score P value H-score P value 

(mean ± s.d.) (mean ± s.d.) 



Age (year) 
















<70 


69 (72.6) 


113.2 


± 81.8 


0.401 


15.6 


± 24.0 


<0.05 


>70 


26 (27.4) 


98.5 ± 73.2 




27.0 


± 25.5 




Sex 
















Male 


82 (86.3) 


112.8 


± 77.9 


0.271 


19.1 


± 26.0 


0.747 


Female 


13 (13.7) 


85.5 ± 88.3 




15.7 


± 16.1 




T-stage 
















Ta 


90 (94.7) 


107.0 


± 80.1 


0.827 


18.5 


± 13.9 


0.958 


Tl 


5 (5.3) 


111.0 


± 73.6 




18.3 


± 26.9 




Number of tumors 
















1 


67 (70.5) 


103.3 


± 81.3 


0.255 


18.1 


± 25.4 


0.675 


>2 


28 (29.5) 


123.3 


± 74.1 




20.4 


± 23.8 




Tumor diameters 
















<3cm 


51 (53.7) 


107.8 


± 76.0 


0.855 


17.8 


± 18.9 


0.685 


>3cm 


44 (46.3) 


110.8 


± 84.1 




19.9 


± 30.5 




Concurrent CIS 
















No 


88 (92.6) 


107.2 


± 81.5 


0.388 


15.1 


± 22.5 


<0.05 


Yes 


7 (7.4) 


134.3 


± 40.2 




52.2 


± 30.5 




CIS: carcinoma in situ 


; LG-URCa: 1 


ow-grade 


urothelial 


cell care 


noma; 


P-4E-BP1: 





phosphorylated 4E-BP1; p-p70S6K: phosphorylated 4E-BP1 
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log-rank test), although p-4E-BPl status was not related to 
recurrence (Figure Ic and Id). 

Table 2 shows the results of univariate and multivariate analyses 
using the Cox regression model for recurrence-free survival. T 1 staging 
group (P < 0.05; hazard ratio (HR), 2.145) and high p-p70S6K staining 
group (P < 0.05; HR, 2.249) were independent factors predicting 
recurrence. Therefore, we decided not to investigate the 4E-BP-1 
pathway in vitro because of the lack of a correlation between p-4E-BP- 1 
expression and recurrence in vivo. 

Western blot aruilysis for mTOR pathway protein expression in the 
URCa cell lines 

We analyzed the expression and activation status of the mTOR and 
p70S6K proteins in the RT4 and 2531 cell lines. As shown in (Figure 2a), 
mTOR and p70S6K were expressed in both URCa cells and mTOR 
and p70S6K were phosphorylated in RT4 and 2531 cells. Thus, both 
low-grade non-muscle invasive URCa cell lines exhibited constitutively 
activated mTOR/p70S6K signaling. 

Dose-dependent antiproliferative effect of rapamycin in RT4 and 
253] cells 

RT4 and 253} cells were treated with rapamycin (1 pmoU lOpmoll 
lOOpmoll ', InmoU lOnmoU lOOnmoU ', Ijlmoll ' and 
lOjimolL') for 48 h. The cell proliferation assay was performed 1, 
2 or 3 days after treatment. Each of the concentrations above was 
considered as one treated group and there was no rapamycin in the 
control group. Rapamycin had demonstrated inhibitory effects on 
RT4 and 2531 cell proliferation in a dose-dependent manner at 3 days 
after treatment. Cell proliferation was correlated with rapamycin 
concentration and the Spearman's correlation values for these two 
parameters were r = -0.850, P < 0.001 for RT4 and r = -0.835, P < 0.001 
for 2531 cells (Figure 2b). 

Table 2: Results of univariate and multivariate analyses of 
clinicopathological variables and the expression levels of p-p70S6K 
and P-4E-BP1 in relation to recurrence-free survival in 95 patients 
with LG-URCa 



Variables Univariate analysis Multivariate analysis 





HR (95% CI) 


P value 


HR (95% CI) 


P value 


Age (year) 










>70 


1.600 (0.803-3.189) 


0.182 


1.473 (0.700-3.100) 


0.308 


Sex 










Female 


0.555 (0.170-1.805) 


0.328 


0.558 (0.165-1.891) 


0.349 


T stage 










Tl 


2.203 (1.065-4.553) 


<0.05 


2.145 (1.065-4.534) 


<0.05 


No. of tumors 










>2 


1.381 (0.710-2.688) 


0.342 


1.202 (0.593-2.435) 


0.510 


Tumor 










diameter 










>3cm 


1.220 (0.639-2.330) 


0.547 


1.345 (0.677-2.674) 


0.398 


CIS 










Yes 


1.796 (0.634-5.087) 


0.270 


1.012 (0.328-3.116) 


0.984 


Previous BCG 










Yes 


1.152 (0.585-2.254) 


0.681 


1.049 (0.527-2.086) 


0.892 


P-4E-BP1 










High 


1.401 (0.725-2.704) 


0.314 


1.034 (0.499-2.139) 


0.929 


p-p70S6K 










High 


2.460 (1.214-4.982) 


<0.05 


2.249 (1.015-4.985) 


<0.05 



BCG: bacillus calmette-guerin; CI: confidence interval; CIS: carcinoma in situ; 
HR: hazard ratio; LG-URCa: low-grade urothelial cell carcinoma; 
P-4E-BP1: phosphorylated 4E-BP1; p-p70S6K: phosphorylated 4E-BP1 
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Figure 1: Expression of pliosplnorylated-p70S6K (p-p70S6K) and p-4E-BPl 
in bladder tissue, (a) Immunohistoclnemical staining of p-p70S6K and p-4E- 
BPl in paraffin-embedded sections of benign urothelium and low-grade 
urothelial carcinoma (LG-URCa) tissues. P-p70S6K staining (red) was lower 
in LG-URCa tissues than in benign urothelial tissues, but p-4E-BPl staining 
(red) was higher in LG-URCa tissues, (b) Graph displaying the comparisons 
between the H-scores of p-p70S6K and p-4E-BPl with respect to benign and 
LG-URCa tissues. The mean H-scores for p-4E-BPl were significantly higher 
in LG-URCa tissues and the mean H-scores for p-p70S5K were significantly 
lower (*P< 0.05). (c) LG-URCa with high p-p70S6K immunohistochemical 
staining exhibited a higher risk of recurrence (P< 0.05). (d) LG-URCa with 
P-4E-BP1 status was not related to recurrence in LG-URCa. (P = 0.314). 
Scale bars = 100 |im. 

The cell proliferation-inhibition effect ofp70S6KsiRNA transfection 
and rapamycin in RT4 and 253J cells 

Figure 3a shows that p70S6K siRNA mediated the downregulation 
of p70S6K and its phosphorylated counterpart and that 



mTOR 
(289 kDa) ' 




O 
O 




□ 



Dose of rapamycin 



Figure 2: Western blot analysis for mTOR pathway protein expression in 
LG-URCa cell lines and the antiproliferative effect of rapamycin in RT4 
and 253J cells, (a) Cell extracts from four URCa cell lines (RT4 and 
263J) were subjected to immunoblotting using antibodies directed against 
mTOR, p-mTOR, p70S5K and p-p70S5K. Protein loading was normalized 
using an antibody recognizing |3-actin. RT4 and 253J cells expressed 
phosphorylated mTOR and p70S6K proteins. Blots representative of three 
separate experiments are shown, (b) Incubating RT4 and 263J cells with 
increasing doses of rapamycin demonstrated a dose-dependent reduction in 
cell proliferation at 3days after treatment (r = -0.850, P< 0.001 in RT4 
and r= -0.835, P< 0.001 in 253J cells). 

pcDNA3.1-p70S6K- mediated the upregulation of p70S6K and its 
phosphorylated counterpart in RT4 and 253J cells, although the 
do wnregulatory effect of p70S6K siRNA was not absolute. Rapamycin 
inhibited p70S6K phosphorylation in RT4 and 253J cells. 

RT4 and 253J cells were treated with lOOnmoU ' p70S6K siRNA, 
lOOnmolh' pcDNA3.1-p70S6K and lOnmoU ' rapamycin for 
48h (Figure 3b). RT4 and 253J cell proliferation was inhibited by the 
transfection of p70S6K siRNA, respectively (P < 0.05), as compared 
with that in the negative control at 48 and 72 h after transfection. 
Rapamycin treatment resulted in reduced cell proliferation (P < 0.05). 
The p70S6K siRNA transfection showed inhibitory effects similar to 
those of rapamycin. pcDNA3.1-p70S6K treatment tended to result 
in higher cell proliferation at 48 h than that in the control and mock 
groups, although it was not significant in RT4 or 253J cells. 

The cell growth-inhibition effect of p70S6K siRNA transfection and 
rapamycin in RT4 and 253 J cells 

In the crystal violet growth assay, RT4 and 253J cell growth was 
inhibited by the transfection of p70S6K siRNA and rapamycin, 
respectively (P < 0.05) , as compared with that in the negative control. The 
p70S6K siRNA transfection showed inhibitory effects similar to those of 
rapamycin (Figure 4a). pcDNA3. 1 -p70S6K tended to induce cell growth 
as compared with that in the control and mock groups, although it was 
not significant in RT4 and 253J cells. The morphological changes were 
in concordance with the treatment effects on cell growth (Figure 4b). 

DISCUSSION 

URCa of the bladder is a unique epithelial tumor in terms of the 
two divergent pathways of tumorigenesis, which correspond to 
phenotypicaUy distinct; non-muscle invasive, LG-URCa and muscle 
invasive, HG-URCa.'^ LG-URCa frequently exhibits activating 
mutations in the HRAS gene and the fibroblast growth factor receptor 
3 gene, whereas most HG-URCa contains inactivated p53 and/or 
deletion of the retinoblastoma gene.' Despite the two distinct molecular 
pathways of progression, a subset of LG-URCa progress to a more 
aggressive, higher-grade and muscle-invasive disease, usually after a 
course of multiple recurrences. Therefore, identifying biomarkers that 
would help in the recurrence of LG-URCa is an area of active research. 
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Figure 3: The p70S6K siRNA and pcDNA3.1-p70S6K transfection and 
the cell proliferation inhibitory effect of p70S5K siRNA transfection and 
rapamycin in RT4 and 253J cells, (a) Western blot analysis of p70S6K and 
p-p70S6K protein expression after p70S5K siRNA and pcDNA3.1-p70S6K 
transfection into RT4 and 253J cells. Cells transfected with p70S6K 
siRNAs and/or pcDNA3.1-p70S6K were analyzed by immunoblotting for the 
indicated proteins and rapamycin after 48 h. (b) Cell proliferation assays for 
RT4 and 253J treated with p70S5K siRNAs and/or pcDNA3.1-p70S6K and 
rapamycin. p70S6K siRNA and rapamycin significantly (P< 0.05) inhibited 
cell proliferation as compared with the negative control series at 48 and 
72 h after exposure. 

In our study, high p-p70S6K expression, as shown by the 
immunohistochemical staining, predicted recurrence for LG-URCa 
treated by transurethral resection, demonstrating that the mTOR 
signaUng pathway thorough p-p70S6K is involved in LG-URCa 
recurrence. Using p-p70S6K enabled us to identify a subset of patients 
with LG-URCa who had an increased risk for recurrence. These results 
were similar to those of our previous study in a non-muscle invasive 
bladder cancer cohort, in which the high expression of p-p70S6K 
was a predictive factor for recurrence of early breast cancer and lung 
cancer.*'" " Sun et al.,^^ reported that high expression of p-S6, a substrate 
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Figure 4: The growth-inhibitory effect of p70S6K siRNA transfection and 
rapamycin in RT4 and 253J cells, (a) RT4 and 253J cell growth was inhibited 
by the transfection of p70S5K siRNA and rapamycin, respectively (P< 0.05), 
as compared with that in the negative control. The transfection of p70S6K 
siRNA tended to show inhibitory effects similar to those of rapamycin. 
(b) Morphological changes were in accordance with the treatment effects on 
cell growth in RT4 and 253J cells. Scale bars = 100 |xm. 

of p-p70S6K, predicts the progression of non-muscle-invasive URCa of 
the bladder treated by transurethral resection in immunohistochemical 
staining of 266 human UC samples, and that the unfavorable prognostic 
findings of p-p70S6K overexpression have been reported in other solid 
tumors."'" 

We demonstrated that p-4E-BPl and p70S6K revealed a diverse 
pattern regarding their association with tumor recurrence. This finding 
suggests that p-4E-BPl and p70S6K are not activated equally in the 
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pathway. Increased p-4E-BPl expression has been associated with a 
worse prognosis in a few types of neoplasms.'''* By contrast, p-4E-BPl 
seems to be less reliable than other markers as an independent, 
recurrence-predictive factor for LG-URCa. We failed to demonstrate 
an association between the status of the marker and recurrence in both 
univariate and multivariate analyses. 

We demonstrated that the URCa cell line, a line derived from 
the LG-URCa of the bladder, expressed the p-mTOR and p-p70S6K 
proteins and that rapamycin inhibited RT4 and 253J cell proliferation 
dose dependently. These results are similar to those of previous 
preclinical studies that have investigated the role of the mTOR 
signaling pathway in URCa.'"'"^' Indeed, rapamycin and its derivative 
RADOOl (everlimus) inhibit URCa cell proliferation and induce GO-Gl 
cell-cycle arrest without apoptosis in URCa cell lines. Previous 
studies have focused on invasive URCa cell lines, whereas we focused 
on LG-URCa cell lines (RT4 and 253J). Although a considerable 
number of cell models exist for advanced URCa, the majority of 
URCa are diagnosed as low-grade, non-muscle invasive tumors.' 
Recent genetic analyses have identified RT4 and 253} cells as clinically 
relevant URCa cell lines, representative of low-grade, non-muscle 
invasive characteristics.^^ Moreover, the RT4 and 253J gene expression 
profile correlates with long-term patient survivorship, a hallmark of 
LG-URCa.22.« 

We revealed that p70S6K siRNA suppressed RT4 and 253J cell 
proliferation and growth and that the efficacy of p70S6K siRNA 
was similar to that of rapamycin. These findings suggest that 
effectively inhibiting p70S6K by mTOR siRNA, p70S6K siRNA and 
rapamycin-inhibited URCa cell proliferation and growth. Moreover, we 
showed increased cell proliferation and growth by transient transfection 
using pcDNA3.1-p70S6K, indicating that the phosphorylation of 
p70S6K, which is downstream of the mTOR pathway, is essential for the 
proliferation and growth of LG-URCa in vitro. These results correlated 
with our results from the LG-URCa TMA immunohistochemistry 
in vivo. Therefore, recurrence of LG-URCa can be prevented by 
inhibiting p70S6K phosphorylation and p-p70S6K may be a biomarker 
to predict the recurrence of LG-URCa. 

There are several limitations of our study. First, phos4E-BPl 
expression was higher and p-p70S6K expression was lower in the 
bladder cancer cohort than in the benign cohort. However, we did not 
show these results in vitro because a normal urothelial cell line could 
not be obtained. Schultz et al.'^* reported a lower p-p70S6K expression 
in the bladder cancer cohort compared with benign urothelium in an 
immunohistochemical study of 144 patients with bladder cancer who 
had undergone radical cystectomy. They suggested that these findings 
were consistent with downregulation of the mTOR downstream effect. 
However, in our study, the bladder cancer cohort exhibited higher 
expression of p-4E-BPl that that in benign urothelium, indicating that 
the mTOR pathway was consistently processed; but that the pathway 
was shifted from p70S6K phosphorylation to 4E-BP 1 phosphorylation. 
Therefore, we hypothesize that high phos4E-BPl expression may be 
related to the tumorigenesis of bladder cancer. 4E-BP1 is a protein 
that binds to elF-4E and plays a critical role in the regulation of gene 
expression. When 4E-BP1 is phosphorylated, elF-4E is released and 
the initiation complex may be formed to promote translation.-^ Several 
studies have implicated components of the protein initiation synthesis 
apparatus in carcinogenesis. For example, elF-4E has been revealed to 
induce malignant transformation when overexpressed in mammalian 
cells. Further study is required to evaluate these mechanisms. Finally, 
a rigorous validation process must precede the incorporation of novel 
molecular biomarkers into clinical management. Therefore, we need 



further prospective investigations using a larger number of patients. 

Despite several limitations, this is one of the few preclinical and 
clinical studies indicating that inhibiting p70S6K phosphorylation 
in the LG-URCa is important in preventing recurrence. Our results 
suggest that phosphorylated p70S6K may be useful as a molecular 
biomarker to predict recurrence in certain LG-URCas of the bladder. 
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